This study aimed to investigate the clinicopathological characteristics and survival outcomes of the subclassification of pT2 gastric cancers according to the depth of tumor involvement. We retrospectively collected clinicopathological data and survival outcomes for pT2 gastric cancer patients from 2006 to 2011. Patients were classified into the superficial muscularis propria (sMP) and deep muscularis propria (dMP) groups. Eighty-nine patients had sMP gastric cancers and 90 patients had dMP gastric cancers. The rates of lymph node metastasis for the sMP and dMP groups were 55.1% and 64.4%, respectively, P = 0.202. The 5-year overall survival (OS) of patients in the sMP group was significantly better than patients in the dMP group (76% vs 61%, P = 0.018). Multivariate analysis demonstrated that the depth of tumor invasion, lymph node metastasis, and postoperative chemotherapy were prognostic risk factors for the OS. For patients with pN0 stage tumor(s), the sMP group had a significantly better 5-year OS rate than the dMP group (92% vs 62%, P = 0.004); for patients with pN1-N3 stages, the 5-year OS rates were comparable between the sMP and dMP groups (64% vs 61%, P = 0.540). The subclassification of pT2 gastric cancer into the sMP and dMP groups can demonstrate different survival outcomes according to the lymph node status. However, the pT2 stage subclassification in the next tumor, node, metastasis (TNM) staging system is pending and requires more large sample size studies to confirm its importance.
Introduction
Gastric cancer is one of the most common malignant diseases of digestive organs in East Asian countries. [1] [2] [3] Radical gastrectomy combined with appropriate regional lymphadenectomy is the primary treatment strategy for this disease. [4, 5] Although the treatment strategy for this disease has been developed substantially in recent years, the prognosis for gastric cancer remains dismal. [6] [7] [8] Currently, the TNM staging system for gastric cancer is the most frequently used classification to evaluate the tumor stages, guide the therapeutic strategies, and predict the prognosis for gastric cancer patients. In recent years, the Union for International Cancer Control/American Joint Committee on Cancer (UICC/AJCC) 7th TNM staging manual of gastric cancer and Japanese gastric cancer classification of gastric cancer, published by the Japanese Gastric Cancer Association (JGCA), reached a consensus on the gastric cancer staging system. [9, 10] Both staging systems defined the pT stage of tumor based on the depth of tumor invasion as pT1a (mucosa), pT1b (submucosa), pT2 (muscularis propria), pT3 (subserosa), pT4a (serosa), and pT4b (adjacent structures). [9, 10] On the one hand, it is clear that the tumor size, lymph node metastasis, and survival outcomes for gastric cancer patients are closely related to the depth of tumor invasion. [7, 11] On the other hand, the latest TNM staging system does not define details for the pT2 stage subclassification. However, the muscularis propria of the stomach consists of 2 layers, the inner circular muscle and outer longitudinal muscle. Sun et al [12] subdivided the pT2 stage into the superficial muscularis propria (sMP) and deep muscularis propria (dMP); using these, they observed that sMP stage patients had better survival outcomes than dMP stage patients and dMP stage patients had survival outcomes that were similar to the subserosa stage patients. Other previous studies defined the pT2a and pT2b groups, demonstrating that pT2 gastric cancers should be divided into the pT2a or pT2b stage to evaluate the tumor stage. [13] [14] [15] However, some of the studies included the subserosa stage tumor, which should be defined as the T3 stage according to the latest TNM staging system instead of as the T2 stage as in the previous TNM staging system. [10, 16] Therefore, we conducted this study to evaluate gastric cancer patients with tumor cells that only invaded into the muscularis propria layer (pT2 stage) and then analyzed the clinicopathological characteristics and survival outcomes between patients with tumors invading the sMP and dMP layers.
Methods

Ethical statement
This retrospective study and data retrieval of this study was based on the Surgical Gastric Cancer Patient Registry in West China Hospital and approved by the Ethics Committee of West China Hospital, Sichuan University. The participants did not provide written consent, but their records were anonymized in the analysis.
Patients
The clinicopathological characteristics and survival data of those gastric cancer patients who consecutively underwent gastrectomy from January 1, 2006 to December 31, 2011 were retrospectively collected from the prospective gastric cancer database, West China Hospital, Sichuan University, according to the study criteria. The inclusion criteria for this study were as follows: histologically confirmed gastric adenocarcinoma, pT2N0-3M0 stages by postoperative pathological examination according to the Japanese Gastric Cancer Classification 3rd English edition, [10] underwent radical gastrectomy (R0) according to the Japanese Gastric Cancer treatment guidelines, [17] and the availability of a complete medical record. Those patients with a history of other malignant disease or distal metastasis (M1 stage) were excluded from this study. Additionally, to minimize the confounding factors, those patients taking preoperative adjuvant chemotherapy were also excluded.
The lesions that infiltrated into the muscularis propria layer (pT2 stage) were divided into the sMP layer and dMP layer according to the depth of tumor cell invasion by pathological examination. [12] This evaluation was performed according to the configuration of the muscularis propria fibers; the transversal and longitudinal muscles layers were, respectively, the sMP and dMP layers. According to the above, the pT2 stage gastric cancer patients in the study were divided into the sMP and dMP groups.
Treatment strategy
Patients in our hospital underwent distal, proximal, or total gastrectomy with corresponding regional lymphadenectomy according the treatment guidelines published by the JGCA. [17] The preoperative examination (enhanced abdominal computed tomography and upper gastrointestinal endoscopy) and intraoperative exploration were used to confirm the clinical tumor stages. Preoperative neoadjuvant chemotherapy was recommended to the patients with advanced tumor stages in our hospital. However, because of the potential bias introduced by the neoadjuvant chemotherapy in evaluating the depth of tumor invasion and survival outcomes, the patients who underwent neoadjuvant chemotherapy were excluded from the present study. Patients who were clinically evaluated as T1 stage underwent D1/D1+ lymphadenectomy and patients who were clinically evaluated as having advanced gastric adenocarcinoma underwent D2/D2+ lymphadenectomy. Because of the potential difference between the clinical and pathological tumor stages, the lymphadenectomy strategies were analyzed in this study. Billroth-1, Billroth-2, Roux-en-Y, and esophagogastric anastomosis were all selective digestive tract reconstruction methods according to the corresponding resection patterns and were chosen according to the doctor's preference. Postoperative adjuvant chemotherapy was recommended for those patients with confirmed advanced tumor stage or with lymph node metastasis according to the pathological examination. Combinations of fluoropyrimidine and platinum regimens were used as first-line postoperative chemotherapy treatment strategies in these patients.
Study parameters
Clinicopathological information, including the demographic information, surgery-related information, pathologic results and survival outcomes, such as the age (years), gender (male, female), tumor size (cm), Borrmann type (Type I-IV), differentiation degree (well, moderate, poor, and undifferentiated), tumor location (upper, middle, and lower third of the stomach) resection patterns (distal gastrectomy, total gastrectomy, and proximal gastrectomy), and lymphadenectomy degree (D1/D1+ and D2/ D2+). Special pathologists in the Department of Pathology, West China Hospital were responsible for the pathological examination of the gastric adenocarcinoma patients. The pathological examination was based on the principle of the Japanese Gastric Cancer Classification 3rd English edition and UICC/AJCC 7th TNM staging manual. [9, 10] Capillary invasion and extranodal metastasis were analyzed and confirmed according to the Japanese Gastric Cancer Classification 3rd English edition.
[10]
Follow-up information
Postoperative follow-up was recommended as routine outpatient visits for gastric cancer patients in the West China Hospital. Regular outpatient follow-up was scheduled as at every 3 months during the first 2 years and subsequently every 6 months during the last 3 years. Additionally, mail questionnaires and telephone interviews were supplementary methods of follow-up to collect individual information. Follow-up was updated on January 1, 2016. The follow-up rate and the median follow-up duration (months) were to be reported in the study. The reasons of followup loss were predominantly absence of outpatient visit or inaccessible contact. The events of death or any pattern of recurrence were recorded during the follow-up and analyzed in the survival comparisons.
Statistics
Statistical analysis was performed using SPSS statistics software, version 20.0 (SPSS, Chicago, IL). The ranked variables were assessed with the Mann-Whitney U test. The categorical variables were evaluated with the Pearson Chi-square test. Survival outcomes were reported to the Kaplan-Merrier method, log-rank test. The 5-year overall survival (OS) rate was calculated using the life table test. Multivariate adjusted factor survival analysis was performed using Cox proportional hazard modeling. The hazard ratio (HR) and 95% confidence interval (95% 
Results
Demographic and pathologic information
Finally, a total of 189 pT2 gastric adenocarcinoma patients from January 1, 2006 to December 31, 2011 fulfilling the inclusion/ exclusion criteria were included in the present study for analysis. In this study, 89 patients were in the sMP group and 90 patients in the dMP group according to the postoperative pathological examination. For general clinical characteristics (Table 1) , there were no significant differences between the sMP and dMP groups in terms of the age (P = 0.774), gender (P = 0.830), resection pattern (P = 0.072), lymphadenectomy strategy (P = 0.503), Borrmann type (P = 0.309), and histological grade (P = 0.312). The patients in the dMP group had a larger tumor size (P = 0.006) and a higher number of tumors located in the middle third of the stomach (P = 0.008) compared to patients in the sMP group. The number of examined lymph nodes was comparable between the sMP and dMP groups (25.3 ± 11.8 vs 26.8 ± 11.6, P = 0.379). However, the dMP group had a higher number of positive lymph nodes than the sMP group (3.6 ± 5.7 vs 2.1 ± 2.9, P = 0.027). It is interesting that the proportion of patients with lymph nodes metastasis (P = 0.202) and postoperative N stage (P = 0.228) were comparable between the sMP and dMP groups ( Table 2) . Others pathological variables, such as extranodal metastasis (P = 0.711) and the capillary invasion status (P = 0.597), were also comparable between the 2 groups. Meanwhile, the ratio of patients taking postoperative adjuvant chemotherapy was comparable between the sMP and dMP groups, 29.2% vs 25.6%, respectively, P = 0.583.
Follow-up and survival information
The postoperative follow-up information was updated on January 1, 2016. Finally, 12 of the 179 patients were lost to follow up in the postoperative period; the follow-up rate was 93.3% and median follow-up duration was 65 months with a range of 3 to 118 months. For the survival outcomes, patients in the sMP group had a significantly better 5-year OS rate than the dMP group (76% and 61%, P = 0.018, respectively) ( Fig. 1) . Univariate and multivariate survival analyses were conducted to explore the potential prognostic risk factors for pT2 gastric cancer patients ( (Figs. 2 and 3 ). For patients without lymph node metastasis (pN0 stage), the sMP group had a significantly better 5-year OS rate than the dMP group (92% vs 62%, P = 0.004). For patients with lymph node metastasis (pN1-N3 stages), the 5-year OS rates of the sMP and dMP groups were comparable (64% vs 61%, P = 0.540). Additionally, the subgroup analyses of the postoperative chemotherapy status in the nodal metastasis patients were compared between the sMP and dMP groups (Figs. 4 and 5 ).
Discussion
Gastric cancer is one of the most common malignant diseases. [1] [2] [3] Although many methods are used to evaluate the characteristics and prognosis of gastric cancer, the TNM staging classification is the standard that is acknowledged by clinical doctors. [9, 10] The TNM staging system for gastric cancer classifies gastric cancer according to the depth of tumor invasion (T stage), regional lymph node status (N stage), and the existence of distal metastasis (M stage). [9, 10] In the past decades, there have been differences in the classification of gastric cancer between the East and West. However, recent classifications of gastric cancer published by the UICC/AJCC and JGCA achieved consensus in the year 2010. Previously, scholars paid more attention to the relationship between the lymph node or serosa status and patient prognosis. [6, 7] More recently, scholars have understood more about the characteristics of gastric cancer. Some studies have focused on subclassification of the T2 stage. In this study, we analyzed the pT2 gastric patients and grouped them into 2 subgroups, the sMP (inner circular muscle) group and dMP (outer longitudinal muscle) group. The dMP group had a higher number of metastatic lymph nodes than the sMP group, 2.1 ± 2.9 vs 3.6 Figure 1 . Comparison of the survival outcomes for all gastric cancer patients with sMP and dMP gastric cancers. The 5-year overall survival rate of patients with sMP tumors was better than for patients with dMP tumors (76% vs 61%, P = 0.018). ± 5.7, respectively, P = 0.027. In the survival analysis, the depth of tumor invasion, lymph node metastasis, and postoperative chemotherapy were independent, poor prognostic risk factors for the OS outcomes. Specifically, for patients without lymph node metastasis, the sMP group had better survival outcomes than the dMP group (P = 0.004). According to the latest gastric cancer TNM staging system, the T stage is characterized according to the depth of tumor invasion.
When reviewing the 7th TNM staging system edition description of gastric cancer, we found that there is no subclassification of the pT2 stage. [9, 10] However, the muscularis propria layer consists of 2 different muscle layers. Meanwhile, we found that the pT2 stage includes tumors that invade into the muscularis propria and subserosa layers from the previous gastric cancer TNM classification. [16] We also found that some previous studies analyzed the clinicopathological characteristics and prognosis of T2 stage patients using the previous staging system, which included tumors in the subserosa stage. [12] [13] [14] [15] By contrast, this study purely included and analyzed gastric cancer patients with tumors invading the muscularis propria.
For gastric cancer, the tumor size, differentiation degree, lymph node metastasis, extranodal metastasis, and survival outcomes of patients were closely associated with the depth of tumor invasion. [18] [19] [20] [21] A previous study reported that the tumor characteristics of gastric cancers invading into the muscularis propria layer are an intermediate between early and advanced cancers. [22] Liu et al [19] analyzed 442 pT2 gastric cancer patients and reported that the depth of tumor invasion, tumor size, and capillary invasion were independent predictive factors for lymph node metastasis. Bu et al found similar results as in a previous study. [19, 23] In terms of the tumor characteristics, previous studies have reported that the rate of the lymph node metastasis for T2 stage gastric cancer patients is approximately 40% to 50%, which is significantly higher than for early gastric cancer and lower than for T3/T4 stage gastric cancer patients. [19, [22] [23] [24] In our study, the rate of lymph node metastasis was 59.7% of T2 stage patients, and this result was similar to that in previous studies. Moreover, Park et al [15] reported that the rates of lymph node metastasis in the sMP group was 53.8% and 71.0% for dMP/SS patients; Sun et al [12] presented that the lymph node metastasis rate was 53.6% in the sMP group, 67.4% in the dMP group, and 75.3% in the SS group. In the present study, the dMP group had a higher rate of lymph node metastasis than the sMP group, 3.6 ± 5.7 vs. 2.1 ± 2.9, respectively, P = 0.027. It is interesting that there was no significant difference between the 2 groups in terms of the proportion of pN stages (P = 0.228). Additionally, the lymph node metastasis rates for the sMP and dMP groups were 55.1% and 64.4%, respectively, P = 0.202. These results were similar as in a previous study. For tumors invading the muscularis propria layer of the stomach, the degree of lymph node metastasis may not be sufficient to significantly change the pN stage between the sMP and dMP groups with the present TNM classification.
However, beyond the tumor characteristics, the survival outcomes of the patients were more powerful evidence for exploring potential differences in the tumor subclassification. Previous studies have successfully demonstrated that pT2a (sMP) gastric cancer patients have significantly better survival outcomes than pT2b (dMP/SS) stage patients. [14, 15] However, these studies adopted the previous TNM classification and included subserosa tumors in the pT2b groups, which are now classified as the pT3 stage in the latest TNM classification. [10, 16] Park et al [15] observed that the age, pT, and pN stages were independent prognostic factors for gastric cancer patients with pT2 staging. By contrast, Sun et al [12] observed that sMP tumor patients had significantly better survival outcomes than dMP and SS tumor patients, whereas the dMP and SS tumor patients had similar outcomes. In our study, patients in the sMP group had a better prognosis than those in the dMP group according to univariate survival analysis (P = 0.020) and multivariate survival analysis (P = 0.050). Meanwhile, the pN stage might be another factor beyond the tumor invasion depth that can influence the survival outcomes. A previous study demonstrated that pT2a stage gastric cancer patients had a significantly better prognosis than pT2b stage patients at the pN0, pN1, and pN2 stages, but they had comparable survival outcomes at the pN3 stage. [14] In our study, sMP stage patients had better survival outcomes than dMP patients at the pN0 stages, but not at the pN1-3 stages, which is in agreement with previous studies. Therefore, differences in the survival outcomes between the sMP and dMP tumor groups may not merely depend on the depth of tumor invasion. Lymph node metastasis may another factor influencing the survival. According to the results of our study, for pT2 stage gastric cancers with pN0 stages, the tumor depth of invasion had a bigger effect on the survival than the pN stage, which was not the case for patients with pN1-3 stage tumors.
Postoperative adjuvant chemotherapy is the standard treatment strategy for advanced stage gastric cancer patients who have undergone radical gastrectomy. [4] Postoperative adjuvant chemotherapy improves the prognosis of advanced gastric cancer patients. [25, 26] According to the gastric cancer guidelines published by the National Comprehensive Cancer Network (NCCN), [27] postoperative chemotherapy is recommended for pathological T2 stage gastric cancer patients with lymph node metastasis or the N0 stage with high risk factors. [28] Therefore, the proportion of patients treated with postoperative chemotherapy is relatively lower than reported in another study. [29] Univariate and multivariate survival analyses were performed and demonstrated that chemotherapy was an independent prognostic risk factor. In the present study, subgroup analysis of the chemotherapy status demonstrated that there were different results in the OS outcomes of nodal positive patients between the 2 groups. However, these results may be explained by the limitation of the small sample size and that few patients underwent postoperative chemotherapy. These are limitations in the present study that must be clarified.
As a retrospective study, this study has some limitations. First, this is a single center retrospective study with a small sample size. These limitations may reduce the statistical efficiency, and large sample size, multicenter studies are expected to validate the preliminary findings of this study. Second, because of the limitation of retrospective study, we did not analyze the relationship between the tumor biomarkers (Her-2 or Ki-67, etc.) and the depth of tumor invasion. This is another major limitation of this study. In spite of these limitations, this study successfully demonstrated the difference between sMP and dMP gastric cancer patients, which may further help with the TNM stage classification.
Conclusions
For the muscularis propria gastric cancer patients, there were differences in the clinicopathological characteristics and survival outcomes for sMP and dMP tumors. In spite of these differences, it remains pending whether the pT2 stage should be subclassified into the sMP (pT2a) and dMP (pT2b) stages. Future large sample size, multicenter studies are expected to validate our findings.
